At necropsy, a 7-year-old Holstein cow, clinically diagnosed via rectal palpation as having malignant abdominal neoplasia was found to have many metastatic tumors of various sizes in the abdominal and thoracic cavities and in the liver, lung, kidney , adrenal , uterus , and lymph nodes. These tumors were examined by histologic and immunohistochemical methods using anti-human myoglobin, anti-bovine myoglobin, and anti-desmin sera . Tumors were diagnosed as undifferentiated alveolar rhabdomyosarcomas. The tumors in the abdominal and thoracic cavities differed histologically from the metastases in organs . The former tumors consisted of only undifferentiated cells, most of which did not stain positively for desmin or myoglobin. The metastatic tumors contained a few rhabdomyoblastie cells that stained positively for desmin and myoglobin. Tumor tissues from the cow were transplanted and propagated through six passages in athymic nude mice . After one passage, the transplanted tumor histologi cally resembled those from the abdominal serosa and consisted of cells with scanty cytoplasm with an alveolar arrangement. Cells from this tumor stained positively for desmin and negatively for myoglobin. After two passages through nude mice, tumor cells were of two distinct histologic types: those cells with scanty cytoplasm and elongated cells with plentiful eosinophilic cytoplasm. Both of these cells stained positively for both desmin and myoglobin . After six passages, cross striations were detected in neoplastic cells by electron microscopy. These findings illustrate that a highly undifferentiated bovine rhabdomyosarcoma, in which most of the cells in the original tumor lacked desmin and myoglobin , became better differentiated and stained positively for desmin and myoglobin after serial transplantation in nude mice.
sheep," and horses. '
To our knowledge, only one case of bovine rhabdomyosarcoma was recognized in a survey of 372 bovine neoplasms in New Zealand, but the precise histologic and biological nature of the rhabdomyosarcoma was not clear from that report. "
In this paper, we report a bovine undifferentiated alveolar rhabdomyosarcoma and its differentiations and propagation in athymic nude mice.
Materials and Methods
A malignant abdominal neoplasm was diagnosed by rectal palpation in a 7-year-old Holstein cow that had been emaciated for I month.
The cow was euthanatized by exanguination, and tissue samples were collected from almost all organs and tissues , including brain, spinal cord , and tumor tissues , and fixed in 6% formaldehyde dissolved in distilled water.
Histologic methods
All tissue samples were processed by conventional methods , embedded in paraffin, sectioned 4}.tm thick, and stained with hematoxylin and eosin.
Serial sections of selected tumor samples were stained by periodic acid-Schiff reaction , phosphotungstic acid hematoxylin , and Gomori's reticulin methods.
Immunohistochemical methods
Paraffin-embedded serial sections of the selected tumor specimens were stained by peroxidase-anti-peroxidase methods for myoglobin and desmin, and counterstained with Mayer 's hematoxylin. As reagents, anti-human myoglob in and anti-chicken gizzard desmin staining kits (DAKO PAPkit TM-System, Dakopatts, Santa Barbara, CA) were used with diaminobenzidine as the chromagen. Anti-bovine myoglobin serum that had been prepared in rabbits' ? was used as a marker for the tumor specimens.
Transplantation of the tumor tissues into athymic nude mice
Tumor tissue obtained aseptically at necropsy from parietal peritoneum was cut into 3-mm cubes. A piece was transplanted subcutaneously on both thoracic sides of three , 5-week-old, athymic nude mice (BALB/c nu/nu) , as previously reported. v-? The mice were reared in specific-pathogen-free conditions. Two nude mice with the first propagated No te that the neo plastic cells ha ve scan ty cyto plasm and have an alveo lar arrangement , and there is no evidence of rhabdom yoblastic differentiation. HE. tumo rs were euthanatized for histologic examination 6 weeks after tran splantati on , and these tum ors were then passaged to three other nud e mice. Th e remaining first-passage mouse died 12 weeks after tran splantat ions du e to the overgrowth of the tumo r. One of the second passaged tum ors was also tra nsplanted to the three nude mice, 6 weeks after the second passage. T he tumors of the remaining two mice were examined histologically 9 weeks after the tran splantation . Subseq uently, the 3rd to 5th passages were performed in a manner simi lar that that described above , using three to five mice at about every 6 weeks; however, those tum ors were not eva luate d histologically.
In the 6th passage, the tum ors were tran splant ed into 12 nud e mice, and the tumors were chronologically sampled and examined by histologic methods. T he tum or sizes were measured for the longest and shortest di am eter eac h week for 9 weeks. Selected sectio ns of the tu mor pro pagated in the nud e mice were exami ned as described abov e. with uranyl nitrate, followed by lead citrate, and exami ned with a Hitachi H-600 tran smi ssion electron microscope.
Results

Necropsy findings of the 7-year-old holstein cow
Man y various-sized white neopl astic masses, up to 25 em in diameter, were present on the surface of the pari etal and visceral peritoneum, including the mesente ry (Fig. I) . Th e abdominal cavity was filled with a large quantity of yellowish , clear ascitic fluid. The cut sur faces of most of the tumors were milky white and bulged distinctly. The largest tumor, which was located in the pelvis near the ileum , had necro sis and hemorrhage. Man y tumor masses, up to 9 em in diameter, covered the surface of the parietal pleura, visceral pleura, and the outside of the pericardium. Metastases were present in the parench yma of liver and lung, the cortex of th e kidney, adrenal medulla, and m yometrium. The supramammary lymph node was slightly swollen.
Histopathologic findings
The metastatic tumor in the diaphragm had invaded extensively into the muscle . Numerous neoplastic cells filled the sinuses of the mesenteric, hepatic, pancreaticoduodenal, and supramam mary lymph nodes. Tumo rs of the abdominal and thoracic serosae cons isted only of polygonal, round, or oval -shaped cells with scanty cytoplasm. Th eir nuclei were also round to oval and contained much chromatin. Mitotic figures were numerous. Reticulin fibers were not demonstrated to be associated with each neoplastic cell, but the neoplastic cells were arranged in alveol i (Fig. 2 ). Dist inct alveolar arrangements were observed in tumors of the kidney, lung, and pancreatic lymph nodes.
In tumors ofthe lung, adrenal, supramammary lymph node, hepatic lymph nodes, and diaphragm, some cells were oval or spindle-shaped with plentiful eosinophilic cytoplasm (Fig. 3) . Their cytoplasm stained dark-blue with phosphotungstic acid hematoxylin, but no cross striations were detected. All ofthe neoplastic cells con- tained a small amount ofgranular substance that stained positively with periodic acid-Schiff technique.
Immunohistochemical findings
Tumors from th e abdominal and thoracic cavities that consisted of cells with scanty cytoplasm stained negatively for de smin and myoglobin; how ever, in metastases in which most of the neoplastic cells had eosinophilic cytoplasm, many tumor cells stained positively fordesmin, and a small number stained po sitively for myoglobin. passage, tumors that grew to 3 em in diameter had numerous cells with abundant eosinophilic cytoplasm ( Fig. 6 ). Almost all cells stained positively for desmin ( Fig. 7) , and a part of those with abundant cytoplasm were positive for myoglobin (Figs. 8, 9) .
For th e 6th passaged tumors, the size of th e tumor and the immunohistochemical finding of anti-human myoglobin, anti-bovin e myoglobin, and de smin ar e shown in Table I . Desmin-positive cells were recognized in th e tumor 2 weeks after the passage, but m yoglobin positi ve on es appeared in the tumor 6 weeks after the passage or in the tumors about 2 ern in size. The central area of the tumor, measuring 1.5-2 em in diameter , had a tendency to develop necro sis. Myoglobin-positive cells were not essentially different in staining with anti-human and bo vin e myoglobins, but it appeared that anti-bovine myoglobin surpassed th e anti-human myoglobin in staining inten sity (Figs. 8, 9) .
In the tumors that occurred 6 weeks aft er tran splantati on , scanty cytoplasmi c cells and abundant cytoplasm ic cells were scattered in th e thick sections. Electron microscopically, few mitochondria and littl e endoplasmic reti culum were obs erved in the neoplastic cells with scanty cytoplas m (Fig. 10) . Mitochondria, endo plasmic reti culum, mi crotubules, glycogen gran- 
Propagation of tumor in nude mice
All of the transplanted tumors were initially grown in three nude mic e (Fig. 4) , and the size of the tumors was 1.4 ern, 6 week s aft er transplantation. Th e histologic findings in th e nude mice were similar to th e findings of th e tumors that grew in the abdominal cavity of the donor cow, with neoplastic cells having a scanty cytoplasm and an alveolar arrangement (Fig. 5) . Some of the neoplastic cells was positive for desmin, but all cells were negative for m yoglobin. In th e second Figs. 6-9. Tumor; nude mouse, 9 weeks after the second passage transplantation. Fig. 6 . Histologic appearance of the tumor depicted in Fig. 4 . Most of the tumor cells are elongated and have abundant cytoplasm, and there are differentiated rhabdomyoblastic cells. HE. Fig. 7 . Serial section of that depicted in Fig. 6 . Almost all neoplastic cells are positive for desmin (arrows) . Immunoperoxidase, anti-desmin. Mayer's hematoxylin counterstain. Fig. 8 . Serial section adjacent to that depicted in Fig. 6 . Positive cells (arrows) for anti-bovine myoglobin is scattered within the neoplasm . Immunoperoxidase, anti-bovine myoglobin stain. Mayer's hematoxylin counterstain. Fig. 9 . Serial section adjacent to that depi cted in Fig. 6 . Cells positi ve of anti -human myoglobin similar to those observed in Fig. 8 ; howeve r, the staining intensity is less. Immunoperoxidase, anti-human myoglobin stain. Mayer's hematoxylin counterstain.
ules, and intermediate fibers were noted in the neoplastic cells with abundant cytoplasma. In the thick section of tumors 8 weeks after passage, there was an area that consisted of abundant cytoplasmic neoplastic cells. Myofibrils containing Z-lines and I-bands were formed in the cytoplasm of neoplastic cells (Fig. I I) .
Discussion
Rhabdomyosarcomas are rare tumors in domestic animals," but are common malignant tumors of soft tissues in human beings." According to recent classifications, rhabdomyosarcomas are classified into three main types: embryonal, alveolar, and pleomorphic." In Fig. 10 . Electron microgra ph. Nude mouse, 6 weeks after tran splan tation of six passage tum or. Th e undi fferentiated neoplastic cells have organelles in the cytoplasm, but no myofibrillar component is present. Bar = I urn. Fig. 11 . Electro n micrograph. Nu de mouse, 8 weeks after transplantation of six passage tum or. No te a di fferenti ated rhabdom yoblastic cell with myofilam ent s containing z-ba nds (arrows). Bar = I !Lm. this paper we report an undifferentiated alveolar rhabdomyosarcoma, the peritoneum, with many metastases to other organs. The primary site of th e tumor was not confirmed, but it was suspected that, because th e largest tumor was found in the pelvis, th e tumor originated in the urinary system or retroperitoneum. Rhabdomyosarcomas ha ve been reported to frequently originate from th e urinary tract, urinary bladder, and retroperitoneum in human beings-and dogs. !? In our bo vine case, tumors consisted of two cell types: rounded cells with scanty cytoplasm and elongated cells with abundant eosinophilic cytoplasm . Th e serosal tumors consisted chiefly of th e former cells and th e metastases of a mi xture of the two cell type s. Wh en rounded cells with scanty cytoplasm from serosal tumors were propagated in nude mice, they developed into elongated cells with plentiful eosinophilic cytoplasm, which contained both desmin and m yoglobin. After six pas sages, z-bands were detectable by electron m icro scopy. Th ese changes were interpreted as indicati ng that th e less differentiat ed cells-the rounded cells with scanty cytoplasm, differentiated into the elongated cells with plentiful cytoplasm , both in the metastases to solid organs in the cow and with progressi ve serial passage in nude mice.
Differentiation of tumor cells has been investigated in vitro systems, mainly using animal cell lines derived from neurogenic tumors or leuk emia. 8 , " , ' 9 ,20 ,26 To our knowledge, there are no pre vious investigations concern ing spontaneous differentiations of neoplastic cells in vivo. It ha s been reported that in human beings a primary undifferentiated rhabdomyosarcoma differentiated in metastatic or recurrent growths, for unknown reasons." Recently it was confirme d that undifferentiated human rhabdomyosarcoma differentiated experime ntally in xenotransplanted rhabdomyosarcoma. > It was reported that typical rhabdomyosarcoma in mice consisted of two types of cells: cro ss striated muscle fiber and mononucleat ed , non-striated cells . 16 It was also concluded that onl y mononucleated cells di vided and propagated the tumor, and di viding cells did not synthesize muscle protein." Induction of contractile protein synthesis ma y closely linked with interruption of DNA synthesis, and it has been experim entally confirm ed that dividing undifferentiated cells were induced to differentiate by Xvirradiations.w>'
In the bovine case reported here, tumors of the abdominal and pleural serosae consisted only of rounded cells with scanty cytoplasm, and it is po ssible that th ese tumors ma y have been better supplied with nutrients than th e metastases and organ. The serosal tumors could receive nutrients both through their internal blood supply and als o from being bathed with peritoneal and pleural fluid . Metastases, on the other hand, had onl y one source of nutrients-the internal blood supply-and the presenc e of necro sis in some of th e tumors would indic ate that this was sometimes inadequate. It is thought that po ssibl y inadequate nutrition in th e tumors that grew in organs interrupted th e DNA synthes is ofthe undifferentiated cells and, as a result, might have induced synthesis of contractile proteins. Of the tumors propagated in nude mi ce, those smaller than about 1.5 em in diameter consisted of undifferentiated round cells with scanty cytoplasm, but tumors more than 2 em in diameter had a necrotic center surrounded by elongated cells that were differentiat ed rhabdomyoblastic cells, as confirmed by electron mi croscopy and immunohistochemistry. This supports the hypothesis th at inadequ ate nutrition may induce cells to synthesize proteins, and this occurred both in the bo vin e metastases and in th e nude mice. Th e pathobiologic relationship between the inhibition of mitotic acti vity and cell differentiation needs to be investigated further.
Myoglob in and desmin ar e known to be useful markers to differentiate rhabdomyosarcoma from other soft tissue tumors. I -3 , 13, 15, 18,27 Com me rcially available antibodies to myoglobin are made from human skeletal muscle. Their application to th e detecti on of tumors in other species of animals seem s practi cal,">' since antigeni c cross-reactiv ity exists to some extent among mammalian myoglobins. There ar e few similarities, however, between human and other mammalian rnyoglobins-? and anti-human m yoglobin serum crossreacted with bo vine myoglobin in onl y 30% of the cases." It was recently reported that rhabdomyosarcomas of rats reacted bett er with anti-rat myoglobin serum than with anti-human myoglobin serum." Antibo vine m yoglobin seru m rea cted more intensely with the rhabdomyosarcoma of our bo vine case than did the anti-human m yoglobin serum. Similar results ha ve been reported with rhabdomyosarcomas of rats.> Immunohistochemical methods aid the diagnosis ofrhabdomyosar coma in animals, and th e propagation of this tumor in nude mice, as reported here, is a useful model that illustrates the differentiation ofan anaplastic rhabdomyosarcoma aft er serial pas sage.
